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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
perpendicular magnetic recording medium and a 
magnetic storage device having excellent low noise 
characteristics and stability of recording 
magnetization and suitable for super high density 
magnetic recording. 

SOLUTION: In the perpendicular magnetic recording 
medium, a perpendicular magnetic film 18 is used, 
provided with a super thin CoCrPt alloy magnetic 
layer 1 6 having low Cr concentration and high Pt 
concentration as any one of a lower or an upper layer 
of a CoCr alloy perpendicular magnetic film 1 5 having 
high Cr concentration or the magnetic layers 16 as 
both of the lower and the upper layers of the 
magnetic film 15, and a polycrystalline thin film 
consisting of a non-cylindrical structure or an 
amorphous material is used as a backing magnetic 
layer whose magnetic domain structure is controlled 
by a magnetic domain fixing layer 12. 
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a t%C r-1 4a t%P t ^75^J5S-5fi8ttMA 1 
8nm©RulA^ft5n777-Il 
9. 5 nmOCo-8 at%Cr-20at%Pt 

BK^jKffiKB i 6T~mf$.2nz>mmm<tmi 8 

£#SSUfc. Sti&ftiBtl 8©*®<C«)^i9 5 nm©C 
[0 0 3 1] B^DCY^hD>X/l75"J>^g 

K(c«k»3 . 02 (b) \mmmik*7K-rm£2&&ftm 

afiU JKf 5 nmOTayj3-hI. ISlOnm 
©8 0 a t%Ni-Fe|g|, iKiP5 0 nm©8 0 a t % 
Mn-I rS5SlttI> Mi5nm©80at%N 
i-FeMSI*Ml/. 3 0 0t. lkOe©?&|f(p 

StTil ISaKBS® 1 2 ©±{C®IJH 2 0 0 n m©#|| 
RUtifiGD Co-10at%Ta-2at%Z ra*£&5 
SfftSceS'tt® 1 3Sr^figbfc. £©±tC§£lfP5 nm©T 
i-10 a t%C rrt^fc^fiBte^WIBl 4£tf-LT 
II5nmOCo-8a t%Cr-20a t%Pt^i 50 



^<=>/£-5i&fflaB 1 6. mmo. 8nm0Rul*^ 
SA'7 77-Il 9. mmi 5 nm©Co - 2 2 a t % 
C r - 1 4 a t %P t&&fr*>l$.Z>m&mA 1 5Tlfit 
StlSSMSftJI 1 8 £f£§SLfc. SfiESffc^l 1 8 ©* 
Sfc.tt&J5 5 nmOC§ii 1 7£j^fi£Lfc. 
[0 0 32] g^DCT^hD>XA 7 3"J>^ 

e<zj:o. 02 (c) izmwmm.&7a?im:2 czttm. 

111, gi5nmC9Tayija-H, j&JPl 0 nm 
O80at%Ni-Fei, If 5 0 nm©8 0 a t % 
Mn- I rSttttttK. 2fctflglJP5nm©8 0 a t %N 
i -FeK£JB#:JgJ5!cU 3 0 Ot;. IkOeWW 

?ScpT?WE58KB^» 1 2 ©_k(Cjg|J52 0 0 nm©#il 
K$Ei£©Co- 10at%Ta-2at%Z rfrZfcZ 

mnms.'&.m 1 3 c©±cmjp 5 nm©T 

i - 1 0 a t %C rfrZfr&ftm&'Pfflmi 4^lT 
mm 5 nm©Co-8 a t%Cr-20at%P t 
#>SE£-5l&'fflKB 1 6. MiPO. 8nmORul*6ft 
4A7 77-1 1 9. ^ff 1 0 nm©Co- 2 2 a t % 
C r - 1 4 a t % P t ^*^fiE-5ESffiKA 1 5 . WM 
0. 8 nmORuI/J^&i.A*777- Ml 9. JgJP 5 
nm©Co-8 a t%Cr-20at%P t 

^ssffi^B i 6 (omizMi&uTMmztizmmmitm 1 

8 £f£® Lfc. ^ififiSffcfil 1 8 ©^ffifCteBIJ? 5 nm© 
Cff8il7S^Uc. 

[0 0 3 3] SSX^DC-7^hn>X/1.y^'J>y^ 
BlCckO. JtlSfflSWfcR 1 £f£SLfc„ yt&VtzX?* 
S«l l^X/t7 3"J>^iClIU iJP5nmO 
Tayja-M, JgJPl 0 nm©8 0 a t %N i - F 
el, ^Jfts O nm©8 Oat %Mn- I rSlEtt 

%.Zfimm5 nm<D8 0 a t %N i -F em&ffiXM 
fi£U 3 0 010, 1 k O e comR'Pt&l!}mi>XMKm& 

mi 2&Mmvtz. mzmzm-n&*-zmmm&miz 

Ml 2(D±.lzmm2 0 0 nm©#J|ftlliii©Co- 1 o 
at%Ta-2at%Z r frZte&Mfl&M&m 1 3 £ 
BtiZLfz. £©_h!CMJP5 nm©T i - 1 0 a t %C r 
;fr>£&-5#l&l&4'ffiJll 4£5>UT®UP2 0 nm©Co 
-22at%Cr-14a t %P t -SffiSfflK 
Al 5*^^-5Sjt^tJKl 8£jgj£bfc„ SififiBfkJI 
1 8<Dig®lZ\3.mm5 nmCCSlil 7£^j£Lfc<, 
[0 0 3 4] iUI^DCY^ho^XA-y^U^^g 
BlCfcD. H«I«*R2^Lfc. ife^Lfctf^X 
»«1 1 £X/1y5"J >^«(C»Bb, 115nm© 
Ta^'Ja-hl. ^J?l 0 nm©8 0 a t %N i -F 
el, MJP5 0 nm©8 Oat %Mn- I rStltt 
ffil. RtfB&JP5 nm©8 0 a t %N i -F em&m$ZJ& 
fiKU, 3 0 0*0, 1 kOeWffiS^lfc&JiLTfiBEHJg 
@12^fiKUrc„ ^l^^^-K^^TWESSEH^ 
® 1 2©±t*Mi5 2 0 0 nm©^SS«it©Co - 1 0 



( 7 

11 

a t%Ta-2 a t%Z r ^ SfcS&fP&iK't&I 1 3£ 
^bfeo ^©±l;UI5nm©Ti-10at%Cr 
^^^^.^'tt't'fSJffl 4&ftVTmm2 0 nmCDCo 
-8at%Cr-20a t%Pt^^5«ttlB 

1 6 & >z> tizmmmm 1 s ztm u/t. mmmntm 1 

8<DmWfcltmm 5 nmCCffilil 7S:^Lfc„ 
[0 0 3 5] *H*gmr#«!L"fc&#l A, IB. 1 
C, 2 A, 2B, 2 CRmt&mmfcR 1 , R2©iB 

iESfkM«» urn** hep mmo c Mtfn&KBncs&s 

«I^nfc. *mt&M-&*. HKH^B. #J6SEtt*W 

5. 

[0 0 3 6] tll:±IB2|s:li©»frlA, IB. 1 
C. 2A, 2B, 2 CRZfttmmm^R 1 . R 2 CD«M£ 
SttRUTSt. Stii^T. iSE«:©«a^ (He) . 
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&Mit (Mr /Ms) H*-^^lK^tKcJ:OzRISL 
^B^itt^|olc0lKM#ttTrS-5o B 3 Izm^Lfzm^. 

m&mm^T±mmmzb7y?mo. 2m©*m 
m^Mmm^ k (gmr^-v h) -cii^u $E#/~r 

HI 6nmtLfc. 5mra*L£4£#S!®©i&K«ig£ 
0 0 k FC I (Kilo Flux Change per Inch) ©fH^S 

mm&m. iookFci c9es«^© i mm^mmm 

[0 0 3 7] 

[II] 



( 8 ) 



2002-230735 



13 



14 





















3 

i 


i 


V 




CM 


V 


V 




CM 




& 

M 


i 


















S 1 

2 3 


r* 

«D 


CD 
<D 


in 
r» 




s 




in 
e» 


o 

IO 


K- 




















Si 


i 


O 

CO 


to 

s 


r> 

CM 

co 


s 


s 

CO 


o 

CO 
CO 


3 

CM 


g 


K 

V 
*N 


1 


o 


M> 

§ 

o 


CO 

s 

O 


i! 

o 


s 

o 


I 


8 
O 


cS 


Mr/Ms 














5» 




0 

s 




o 


s 

«o 
o 


§ 

«o 


i 




























9 


9 
2 

81 
1* 

K- 


i 
i 

i 

m 


i 

IS 

a 


o 

I 

m 

§ 

31 


? 

CD 
O 

< 


i 

s 
IS 


1 

3 

i 

CD 

i 

in 

D 

IS 

m 


a 


1 


I 

» 


| 

o 












s 




a 

w 
a 
a 

9 


m 

If 


1 

1 
z 


• 

1 

S 

£ 

Z 


1 

* 

z 


ti_ 
Z 


| 

• 

U. 

z 


| 
if 

z 


U- 

1 

£ 
z 


o 

u. 

1 

1 

u. 
z 


a 


< 


CO 


o 


S 


3 


o 

CM 


5E 


2 




[0 0 3 8] *l©Jtfej5^^?.^ct-5{C> MCrm 

m&.v>i£Mmm&K i b. 

flgtt. i^Cr C o C r ^SBSBftMwS/B 
S^ttO^TJCiOAMit (Mr /Ms) >W£TUS£{t: 

i«P tifesrococ r p t^&j&ffiBKJcDffi&^g:^ 
#|6]_h U ft^tfc (Mr/Ms) < ESft^Jg'tt 

[0 0 3 9) *%^CDri:<±iaiSC rm&<DCoC r 



C rigfir (8~1 5 a t%) . iSP t (1 5~2 5 
at%) ©CoC r P t^£S8ttJI£fe-5tt£C:<ht£=k 

o. mmmtiztt^Tumji wc) . (Mr/ 
Ms) ^<fc*©jesa#it^tgfc2fe#i?^. JSE^y-rxo 

©SI^IC<1;0, $HHi^S5kFCI^64 0 0kFC 

i <Dfcm&&m.mmz&\,\T 1 o %&.T<nm.it<o<^^ 
[0040] cns6^j2) 01 (a) (zmmmm.^-r 

*%iO«#i:0 2 (a) tcW®«jg^r*^©j« 
fo*m\Zt*). SSttMA 1 5 (S5C riSSODCoC r^" 

^satatftj^) tssffi^B 1 6 mc rmm. gptc 

r mmcDC o C r P t ^^mttffl) roBSttM0te?¥tt^ 



15 

mw.mitmco±mm% 2 0 nmiu m^mb 1 earn 

m& 0 ~ 1 0 n mW^fflTgffc L-fc. 
[0 0 4 1] &M£DC-??*hu>Xrty?<)>tfm 

mz&o. mi (a) izmmmm&niTimziimv 

fco ifc^Lfctf^xaSi i&7>/-<iyj?>)>ifl£WlzW> 
8U nmOTa/^-H, Jlf lOnm© 

80at%Ni-FeE flgJP5 0 nm©8 0 a t %M 
n - I r M3£E8te$i. RUmm 5 nm®8 0 a t %Co 
-FeBt£)l;fc®/£U 3 0 Ot. 1 k O e ©!&#tpf& 
JIILTiE@$I12S«l,fc. 10 
*Tj»fESBKH5tS 1 2 ©JrtCflglJP 2 0 0 nm©#JiSC 
#£ig©C o-8at%Ta-5at%Z rri>S&£«fr 
«t&ttJB 1 3£jgfiS:l,£:„. £CD_k{cMJS5 nmON i - 
5at%Ta-2 0at%Z r J&*'b&-5#fi8'tt4>fflJi 1 
4£tf-L.-a&fflg|Al 5^H£IB 1 6^£&-58ifiSB 
itmi 8 £J£j£Lfc. MAI 5 tUCo-l 9 a 
t%Cr-12at%Pt-3a t%B-a-&£|B^ m 
)?$2 0nni, 19nm, 1 8 nm, 1 6 nm, 14n 
m, 12 nm, 1 0 nmt^tl^timtVtc. I&'ftBlB 
16tLTCo-8atXCr-2 2at%PtM<£ 20 
IKlSSOnm, 1 nm, 2 nm, 4nm, 6n 
m, 8 nm, 1 0 nmt^tX^tlMitVtz. mmMitWk 

i z(Dmmzmmsnm<7)c$kmm\ 7*Bf8LVtzm$- 

[0 0 4 2] CT if *hO>XA-y 

g(CJ:D. 02 (a) fCt$f®«ig£^-ri«#:£fE®L 

1U KJfS nmCTayjn-M, WlOnmO 
80a t %Ni-FeI, IKff 5 0 nm(Z>8 Oat %M 
n - I r K3£J8£fflKv RtKflgJP 5 nmW 8 0 a t % C o 30 
-F em&mkMf&\^. 3 0 010, IkOeOiWi 

&wis~cmg.m&m 1 2^^^^. m^m^m—M^. 

<f TffffB^KH^Ig 1 2 ©JilcMJ?2 0 0 nm©#ilK 
WjS^C o-8 a t%Ta-5 a t%Z r7^S&£»T 
i£*fi£teJg 1 3Sr^bfc. Z.V>±izmms nmiON i - 
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5a t %Ta-2 0 a t%Z r 5^-5^14 4<P^a 1 
4£^L.Tfifrt4JllAl 5. AV7 7-11 9. MBiB 

7— Jl 1 9 .bLTI^PO. 8 nm©C o -4 0 a t %R 
u^^rffl^fc,, &ffiB|A 1 5 <t LTC o — 1 9 a t % 
Cr-12at%Pt-3at% B^^fflVi. flUff^ 
2 0nm, 19nm, 18nm, 16nm, 14nm, 
1 2 nm, 1 0 nrnt^nftlfftLfc. l&ffiBlB 1 6 
ttTCo- 8at%Cr-22at%P t 
tr*. WS0 nm, 1 nm, 2 nm, 4 nm. 6 nm, 
8 nm, 1 0 nmt^-n-enigffcLfc. SitSBftJIl 8 

(Dmmzmmsnmwc&mmi 7^Mtfc«#^ 

[0043] *HM^-ef^si,fcgitfi8ftK«. (A-rn 
h c p c tt^aiSMfcatsstticgsisi LTiS 

mmm-zit. m&mizm. &m&*mm. mmmitm. 
ret*. z\<omz^mLfz.umm.i^cDm.^t>^m^T 

[0 0 4 4] «2 iZ±.m(OmtC>&&&tt%iVTm't. 

miz^x: mtiwMmu (hc), Mmtt (mf/m 
m3iz^vrzmm.mmmm^x±m 

i&mz h =7 v ?m 0 . 2 m«^fi£ffi^m's-y h*T'S8M 
SBSU ;H-*ffl^8 0 nmcD&fcfi&MJtttS^-.y H 

SI^Lfc. mmfttkMCDX'*.— 6nmtL 

L i # ©ifiS-Tr it&i V tz o 
[0 0 4 5] 
[12] 
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Hc(0a: 


Mr/Ms 










T»/MnPt/±Jl 










(mVrms/mVpp) 


OcFCO 


(nm) 


1A1 


tfiFa/Mnlr/CoFa 


CoTaZr 


at«HA(2o)/ai4jaiB(o) 


2900 


0.88 


QL018 


280 


85 


1A2 


NiFe/MnJr/CoFe 


CoTaZr 


atttBACUVfllttSlBO) 


3100 


0.91 


aois 


300 


78 


1A3 


NFa/Mnlr/CoFa 


CoTaZr 


««^A(i8)/atia8(2) 


3320 


0.98 


aon 


340 


75 


1A4 


NiFa/Mhtr/CoFa 


CoTaZr 


BtttttA(18>/ttftB&(4) 


3580 


1 


0X08 


360 


65 


1A5 


NiFe/Mnlr/CoFe 


CoTaZr 




3840 


1 


0W9 


354 


68 


1A5 


NiFe/Mnlr/CoFa 


CoTaZr 




3720 


t 


0.017 


302 


79 


1A7 


NiFe/Mnlr/CoFa 


CoTaZr 




3800 


1 


01025 


275 


102 


2A1 


NiFe/Mnfr/CoFa 


CoTaZr 


atta^o)//^^?— «(o)/atttaB(o) 


2920 


0L87 


0.019 


285 


66 


2A2 


NiFa/Mnlr/CoFa 


CoTaZr 


»ttjffiAd0)//<^^T-B(a8)/attfliB(i) 


3120 


0.&4 


O017 


298 


79 


2A3 


NiFa/Mnlr/CoFa 


CoTaZr 


wemMWitv-Tr- w(a«/at!yHBC2) 


3340 


0.99 


0.011 


342 


74 


2A4 


NiFa/MnJr/CoFa 


CoTaZr 


attHA(t6y/<^^7-.»(0^)/«ttJBlB(4) 


3592 


1 


OL0078 


364 


63 


2A5 


NiFe/Mnlr/CoFa 


CoTaZr 


»ttBA04V/ <*:?7-HKa8)/ttt£KBC6) 


3845 


1 


O0087 


355 


87 


2A5 


NiFo/Mnlr/CoFa 


CoTaZr 




3730 


1 


aoie 


305 


77 


2A7 


NiFe/Mrdr/CoFe 


CoTaZr 


«tt«A(ia)// «y7r-»(a8vattfllB(io) 


3820 


1 


0.026 


272 


100 
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BttttAtt. Co-t9atXCr-l2BtXPt-3at%B«&ttttn. SBtttJBtBtt. Co-8a«Cr-22 a tSPt&«»eH-pfcS. 



[0 0 4 6] %.2 0)it$!(frZ>W*>frf3L&?tZ. jftC rig 
MOO o C r &'&mW.Wi{tB&-C& : £> Co-19at%C 

r-12at%Pt-3at % B^SSffiK (ffiSffiS 
A) WB^fc&t£*©»t#JCJt^T. *%W<Drt< 
iKttMA.©±Jllc<g;C rzgS. i^P t C r iggcDC o C 

r P t^-^mttS^O^SffiSffieB^fiE-r-SCitcJ; 

^m±j . TmftmitcDmmzj: o swb^s 5 k f c i 

W40 0 k F C I ©JEU$gBJC*5tvc 1 0 %UT<Z>1& 
ft©^^tt £flt«T#. 30 

Jf tCffi^-TSffiC r&g. KPtCrfilOCoCrP 
t J; 0 &3fifrffiKB ©S£ b t^BWIte 2 ~ 6 

[0 0 4 7] #K!J&£0rai. fiBfflg|A©±tcMg|B£ 

(a) . 02 (a) <Dmf$.v>mw.m{tmzmiz*&w& 

m.WVt^tf. mi (b) , (c) ti2 (b) , (c) 

[004 8 ] mmm 3 ] sskss» 1 2 ©*mif 40 

1 ±lCfi£K@£Jf 1 2 . SfTHft&ttJI 1 3 £^fi£U 31 
»J;{C^j?5 nmfflN i-5at%Ta-20at%Z 
rTi^^.^^ttfrflHl 4. If 1 5nm<DCo-l 
9atSJCr-12at%Pt-3at %B^*^fiJt 
•5®tttJ^A 1 5. 1&m5 nmCDCo-8 a t %C r - 2 

2 a t %: P t^&^efiS&mteSlB 1 6. R0tj^J5 5 n 
m©C^MJB 1 7&m'AJ&f$.Lfzmi (a) ©#£/£©14 

V* Tl*i#©»W*r-6. StttttttttJB 1341/ 50 



T. Co-10at%Ta-2at%Zr #&?lfl£. F 
e-8a t%Ta-12a t%CMil. RtfFe- 
12at%Al-5at%Si #«6BS£J§VVfc. 
[0 0 4 9] iS»25DCV^ha>X/^^i$"J>yg 

a7U3-M2 2. JgJPl 0 nm©8 0 a t %N i - 
Fe)|*^ft5itIMA2 3 1 JgU* 5 0 nm© 8 0 a 
t%Mn-I rEM3tl2 4. JkZfM& 5 n m<D 8 0 
a t % N i - F e gt*> <E>&£il«§BffiBlB 2 5 &m'Amt$. 
U 3 0 0*0. lkOe©I#fl!MllT@4 (a) 
©*j£©{SK@j£Jl 1 2^^Ufc. 3£«©I6*KVI' 

fE8£K@£« 1 2 ©±KSSJSt lOOnm. 200nm, 
3 0 0 nmOMlil©Co-l 0 a t %Ta-2 a 
tXZ rfr&ft«X£rtti8t£JIl 3&MtU CCD.bC 
|frfS#^tttpP^« 1 4 . I«A 1 5 . MB 1 6 . 
KXf-&m.m 1 7 SrJffl^C^ LfeJK#:D 1 . D 2 , D 3 * 
ft*Lfc. Jt»©fc*fc«Kffl£Ji 1 2 #7 
7.S«1 1 JiJCiUgJKJ? 3 0 0 nmiOCo- 1 0 a t % 
Ta-2at%Zr a>SftS»T*HKttJf 1 3 ZMfS. 

u ^o±Ktte*att«t»nHii 4. itiM 5. 

«B16, RtfffiSJf 1 7SJfi3fc#j£L&jB|ttD4* 

[0 0 5 0] i!SK^DCV^hD>X/t.y^'J>^ 

a7U3-Sf 22, MJP 1 0 nm©8 0 a t %N i - 
Fel*5ft5««ttlA2 3. IJI50nmro80a 
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t %Mn - I rE3mm&2 4, TkXfl&WS nm©8 0 

a t%M i -F emfr*>fcZ$kMimB2 5 

Lfc„ d CDJhC^JP 1 0 nmCDCo- 1 8 a t %C r - 

1 4 a t XP t58ffi^£&3®rtl(B{t:®|A2 6, flgff 
0. 8nmORui27. If 1 0nmOCo-l 8 a 
t %C r - 1 4 a t %P tlKffi^^e^-SffirtSSftMB 

2 8^flg(C^Lfc04 (b) ®«OlEi^I12 
^SUfc. i8KMfl2te. 3 0 0*C. 2kOe© 

ttS-Ztlfz. Co-18at%Cr-14at%Ptl 
ffi^«)M®rt^rnUCfia^S^tt*#L, TH©N i Fe 
ft«lKft^LT8af^ X ^ ©¥S^|6] \Z^&& 

##£n*:. ^i^j^^ra-^tfT^faiKKHSB 1 2 

<D±(zmm 1 0 0 nm, 200nm, 30 0nm©#ffi 
R^iS® C o - 1 0 a t %T a-2 a t %Z rfr<Z>fc& 

1 4 . KttlA 1 5 . ttl&KB 1 6 . RZfi&mm 17* 20 
ti^fi}cUfej»#:E 1, E2, 
[0 0 5 1] l%m&DC-?{f*bn>7>/ty*'J>if& 

NiAl Tayj3-H2 2. iS5nmOCr-l 
0at^TiTiH29. CO±l:ifl0nmOCo 
-18a t%Cr-14at%PtSffl|*565ffirt 
6. If 0. 8nm©Rul2 7. if 10 
nmOC o- 1 8at%Cr-14at%P tJKffiK^ 

*>ts.z>mpm.itm& 2 8&mtzmtfa,it. m^x. mm 

1 0nm©8 0 a t %N i -Fel^ea^tlttlA 30 

2 3. mm5 0 nm©8 0 a t %Mn- I rMilM 
2 4. RaWl5nm©8 0at%Ni-Fel*5ft 

^m^MB2 5^m^kmm^fc.m4 ( C > ©#f/£©as 

1 2 £f£iSLfc„ JKK@5£« 12H. 3 0 0 
"C. 2 k o e (om^mvmvt^ Wfcv>'&)5\zv\'/ 

<£> MRZfttk L T««ia«©{£T i: EP*U8# 

^|6lfC^^tt^##$nfc„ Co-18at%Cr-l 

4 a t 5£ p t tc^g^^ U 40 

±s©n i f emt&m&m&LTm^jxpcD^m 
u^zm^mm^nrz. m^m^m-M^xmrn 

G&KB^«1 2(D±\zmmi 0 0 nm, 2 0 0nm, 3 
0 0 nm ©#Hftttlii©Co- 1 0 a t %Ta-2 a t 
%Z ^^safr^SSttB 1 3£Jg|£U £©±fciiff 
K#S£1£ 1 4. ««A 1 5, SBffllB 16, & 

tf&g® 1 7£M&fc0fi£l^cjB|#F 1. F2. F3^ 
ULtz. 

[0 0 5 2] iSK^DC^^hn>X/t-y^U 
BlCife^ LJt#7XS«l 1 &mML. mm5 nm©? 50 



a7'j3-M2 2. MJ?1 0nmffl8 0 a t %N i - 
F el^f,^^)ittiA2 3, 115 0 nra©8 0 a 
t %Mn — I T%jmm&2 4. RtfMJP5nm©8 0 
a t %N i -F emfr<E>ti.Z>®m&mB2 5 £(gi«£ 
L@4 (a) ©M©lKl£il2SMbfc. 

K^f TitrEiSKH^® i 2 (Djzizmm 1 o o 

nm, 2 0 0nm, 3 0 0 nmfflF e - 8 a t %T a - 
1 2 a t %C^i£JiM^£&£*mi«&l4lf 1 3 ZBtft 
U 4 0 0t. 1 kOeOmRtpm&LW&Vrz. mWL<D 

®3i\zvv;<i ks©«&5£SEBU emtauLT 

t^X? ©¥g;*ft©&#£?£± LTS«S«©<gT<h 
#tC^in&#&g£/jN£< Lit. £0>£3£J:0Fe- 
8at%Ta-12a t % CJg|«fe&if$ 1 0nm©Fe 
©m^S^S^^tlT^fc. SrrtiCfiSttWl 3©_k 
{CWjS#fi8tt4>raB 1 4. affi^A 1 5, ItlB 1 
6. Rtf«SBl 7 ^miKM^tzmWG 1 , G2, G 
3<M£§SL/t„ Jtt£©fci6l;:i&K@;£Jf 1 2£^t:m 

^7XSfil l©±{Cifigaf 3 0 OnmOFe-8 a 
t%Ta-l 2 a t %C*^^^Kfl"*i(?Ktt» 1 3 

l£U ^©JiCMia^fiStt^WWl 4. JSSffiKA15. 

®ttlB 1 6 » &Zt&mm 1 7 £JH;fc0f£ LifcSWfrG 4 

[0 0 5 3] i!S*§5DCvy^hn>X/ty^U>^ 
SJC«fe}#Lfc^^xa«l lf5nm©T 
ay'j3-hi2 2. ^J?l 0 nm©8 0 a t %N i - 
F emfrZt3iZ>&m®mA2 3. if 50nm©80a 
t%Mn-I rStittl2 4. EXfl&JU 5 nm© 8 0 
a t%N i -FeJ«*^^:SiJc)SttlB2 5*11^^ 
Vfz. CO±CiJ?10nm©Co-18at%Cr- 

1 4 a t % P t WgfiSftBlA 2 6 . $9? 
0. 8nraORul27, Ml 0nmOCo-l 8a 
t%Cr-14at%Pt attMA^^;S®rtJKft)KB 

2 8 2rJJBtC^/jjJcb/i04 (b) ©#i/$©SB&@5£Jf 1 2 
^8b&. ?I^€?^-K^4»T-^EJSEB^M 1 2 
O±tdU?10 0nm, 2 0 0 nm, 3 0 0nm©Fe 
-8at%Ta-12a t % C 

It&ttJBl 3£ffi*j&U 4 0 01C, 2 k O e ©SB#tp#&4& 

u £nica«bT5^x^©¥fe£fr©]e£#£fg£L 
xm&M& (D^rFizmz^mmn^m.^^ < ufe„ r 

ommiZJzOF e-8at%Ta-12a t %cm$$L 
m® I 0nm©Fe©MSto^iS3nT^fc. M 

nmm&mi 3©±Kjiae#i&i£4 , i8]Jii 4. i«A 

1 5 . MB 1 6 . 1 7 ^J@^fiJcLfc«E 

*H1, H2, H3SfS!l/fc. 

[0 0 5 4] iSI^DC7^hD>Xyi7^U>^g 
Btc:^Lfc^7XS«l 1 SrS:ffiL. BSJP2 0 nm© 
NiAlTa7'Ja-M22, J»j?5 nm©C r - 1 
0 a t %T i TifeJ12 9. CffliClHl OnmOCo 
-18at%Cr-14at%P t ffiBfflBI#>6&-5®l** 
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IKftMA2 6. mmO. 8nm©Rul27. IlflO 
nm©Co- 18at%Cr-14at%P tittle 

ztuzffifHmitMB 2 8 zmizwfStvtc. m^T. mm 

1 0 nm©8 0 a t %N i — F eMfrbfc&WtM&S&A 

2 3. mm 5 0 nm©8 0 a t %Mn- I r 
2 4. R.tfl£ff 5 nm(D8 0 a t %N i -Fel*^ 
3$tt8ffi«B2 5&m%.Mf&.Vtcm4 (c) ©«>£©ffi& 
KHJgJB 1 2 fcfts«l,fc. ^I^^^f^-A^^^E^ 
KBSil2©±l;lif lOOnm, 2 0 0 nm, 3 0 
0nmOFe-8at%Ta-12at%CM» 10 
t>1S.2>mtfmm.mi. 3£^/£U 4 0 0t. 2kOe 

fifcE^SHSU £ft(Cii«LT^;*^©¥@;£[p]©J& 

<Li£. :©JSIl:J;0Fe-8at?STa-12at 
% C!g£(;£*£g#) l 0 n m© F e (Dfote&tiLfr £*/££n 
T^fc. *}Tt*fi8teJf l 3 ©JiJCSffBS^Jl'tt^mn 1 

4 . sttjgA 1 5 . ffi.&mB i 6 . &zf&mm 1 7 £jg 

&^fi£L.*:i«#:J 1, J 2, J3i&MWc. 
[00 5 5] iS^DCY^hD>X/Vy^U>^i 20 

a^Un— hg2 2, mmi 0 nm®8 0 a t %N i - 
FeJg*^^«.^ffiKA2 3, W5 0nm©8 0a 
t%Mn-IrS?$itti2 4 1 RtfMJ? 5 nm© 8 0 
a t %M i -F e^S&^i&S&'fflBlB 2 5£IB*:fl2/£ 
L04 (a) ©*»i£©]&K@;£B 1 2^fiELfc<, 

mzm— ■vmmmm.m^m 1 2 <D_uzmm 100 

nm. 2-OOnm, 3 0 0 nmCF e - 1 2 a t %A 1 

- 5 a t % s i &tns,mfr ztazmnmm&m 1 3 

f£U 3 OOt. 1 kOeOm^tff^MSSrbfco Fe 30 
-12a t %A 1 - 5 a t %S i *fTitt8tt» 1 3 »4. 

fzftlz, lf20nm«Fe-12at%Al-5at 
%S i Biiffl nmOS i i©SIiltUc. Z\tl 
<C«k 0 F" e - 1 2 a t » A 1 - 5 a t S5 S i 
6fc-5*}Ti*CB£ffll 1 3 [JSS2 0 nmOT^W 

fi^ss-tfeH i 3 (o±iz$im&m'pmm 1 4 . mm^A 40 

1 5. SSffigtB 1 6. RtX^SWl 7 Ufcfll 
#K1. K2, K3SfH8Lfc. &&©*:# lC&K0£ 

H2?r mrr. 1 1 ©±<cit^» 300 

nmOF e-12at%Al-5at%Si £>&J|Jgfr 

z&zminwm&m 1 3 &meu cw±ic^E^fiStt 
tpw® 1 4. affiMAi 5. jsffi^B 1 6. msuwm 

l7*mteMfo\s1zm*YL*&ftm\stc.. Fe-12a 
t % A l - 5 a t % S i WTSKE&telB 1 3 «. ffiRJBA 

MJS2 0 nmOF e - 1 2 a t %A 1 - 5 a t %S i M 50 
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tmm inm»si mvmmmm t vtz. 
[0056] itsK^Dcvy*hD>x/^^5"j >rm 

m\Z$t&VtzU ; 77.m%Ll lSttllU iff5nmfflT 
a:/ 'J n-hl22, JgJ? 1 0 nm©8 0 a t %N i - 
FeI*5fe5|)[IttiA2 3. JKff 5 0nm©8 0 a 
t %Mn- I rl?|l«2 4 t RtflSJ95 nm©8 0 
a t %N i - FemfrC,teZMmmB2 5&mx.&i$. 
Lfc. Z\<D±lzmmi 0 nmfflCo - 1 8 a t %C r - 

1 4 a t % P t OM»0>e&£fi|*flMHKA 2 6. 1^ 
0. 8nm©Rul27. iS10nm©Co-18a 
t %C r- 1 4 a t %P t m&mfr *>tS.Z> ffiftKftM B 

2 8^jmc^EELfeS4 (b) ©*tfiS©]&K@;g« 1 2 
^f^Lfe. Sl^i*^— ^tp-CWEMKH^e 1 2 
©JblCMJfU 0 0 nm, 2 0 0 nm, 3 0 0nm©Fe 
- 1 2 a t %A 1 - 5 a t %S i Zfc&MfT 
tfc«Btt« 1 3 £ffi*]5£L/i. Fe-12at%Al-5a 
t % S i Sfm&teJS 1 3 «. ff^/fciptttfiSgJI©/*; 

&\Z&2>*lom*:{tZffi±T2>tzlit>iZ, 1S2 0 nm© 
Fe-12at%Al-5at%Si Ji<hl&JP 1 nm© 

s i ma>mmmm.£Lfz. mmv>'&jj\zvuji hs© 

fHt£5£B2BU uncitblr-f X^©^S^|6J© 

m#^%^ixT»«?affi©(aTt*{cEp*o^#^^/h 

£ < Ufc. J^fTtfcfiStt® l 3 ©±(Cfi(fffi#®ttEpKM 1 
4 . SttlA 1 5 , BSffiBIB 1 6 . RtfflSSJi 1 7 £JH 
:&^£Lfcj£#:L 1, L2, L3SMWc. 

[0 0 5 7] jMBgDC7y*hO>X/ty^U>^S 
«(Ci5fe^Lfc#^XS«l l£^«U if20nm© 
NiAlTa/'j3-M22, B?5nraCCr-l 
0at?STiTti29. Z\0)±.\zWkmi 0 ntnfflC o 
-18at%Cr-14at%P t S&fflgtd>'&&-5ffif*l 
mitMA 2 6 . 0 . 8nm©Rul2 7. UI10 
nmOCo- 18at%Cr-14at%P tfiSitM^ 
6!5:5ffiWtlB2 8^®JC^Ufc. g^T. mm 

1 0 nm©8 0 a t %N i - F emfrZfcZ&m&mA 

2 3. mm5 0 nm©8 0 a t %Mn - I rg^Iftl 
2 4. 1k.Zfmm 5 n m© 80at%Ni— Fe m&>E>?3L 
-5*>caffiKB2 5^«S^figLfc04 (c) ©«fi£©^ 

Ki^ii2^sbfe. mzmzm-m&tpZ'Mmm 

EltI12O±l:l)|10 0nm, 2 0 0nm. 3 0 
0 nm©Fe- 12at%Al-5at%Si 
fr*>tz2>mtT®(.m&m l 3 &BJ$.Vtz. F e - l 2 a t 
% A 1 - 5 a t % S i KiTstKBSffil 1 3 tt. ^^fi£«P 

&&i£§k(Dftmzj:zik<D%i±<t$:m±-Tz>tztt)iz. m 

W2 0 nm©F e - 1 2 a t %A 1 - 5 a t %S i ft 
mmi nm©S i ©©WB^igtLjt. S«©^»CV 

©#g*(6j©a# u x*«iaa©<ST<t * \z ep »n 

< bfc. «!TtScB814ffl 1 3 ©±^BlrE# 
&&*mm 1 4. I«A 1 5 . IttlB 1 6 . S.Z>'« 
1 7^MS^i$L.fcME^Ml, M2, M3^Sl/ 
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[0 0 5 8] #Hflg0«Tf£® UfcliftD (- 1 . - 2 , 
-3. -4) . «t#E (-1. -2, -3) . m»F 

(-1. -2, -3) . HK&G (-1. -2, -3, - 
4) . Jg#H (-1. -2, -3) . ttftj (-1, - 
2, -3) . i&itK (-1. -2, -3, -4) . 
L (-1, -2, -3) . (-1, -2. -3) 



y<xi^;p©i. 2«a±©«#9Sft**rr*^«fpj 

$r«3tCJtfeL.T^-r. 
[0 0 5 9] 
[*3] 









e*a mm* n< tfc« 




D-1 


N^e/Mnlr/NiFr* 


&r-10atXTa-2at)iZK1 OOrrm) 

ww v vov* • rra ■ « ■ \ ■ wwf If IT/ 




4 


D-2 


Plx 


Sit (2D0hm) 




fi 


D-S 






wX 


14 






WJC UlMVtU 


rax 


28 


E-1 






R-t 


4 


E— 2 






El k 

wJt 


4 


E-3 


ini ■ 


51 >- firvr. ..n\ 


folX 


6 


F~t 


ISi/Slk /D. • ACE. /ir<- 


Co-10atXTa-2«tXZr<100hi>i) 


3± 


4 j 


p_2 


B V- 

W r 


W r izuunnv 


rax 


5 


F-3 


B 1- 
P"l 1 


mX wWnrrv 


B-fc 


8 


q— t 


nlruf Ml or/ Nir • 


r<r^a» i ■— 1 ZctSCUOOmu 


131 -fc 


10 


0-2 


rax 


fsj.t: (200nn0 


Hx 


11 


0-9 


@± 


@±(300nm) 


Bx 


12 


CM 


*u 


S± (300nm) 


H± 


16 


H-1 


WFf^nfr/NiFe/(>>CrPt/IWCoCrPt 


Fo-68tXTr-12rtXC(10annO 


Hx 


2 


H-2 


BJfc 


ff9± (ZOOrmO 


Hx 


3 ! 


H-a 


HJb 


F5_h (300nn0 


rax 


4 | 


J-1 


C^>CrPt/RuAk>CrPt/>«Fe/MnIr/N3 r «: 


Ffr-eot»T«-12^%C(10CHnO 


rax 


7 | 


J-2 


H-L 


^X (200nrt0 


Hx 


10 


J-3 


Hx 


I^X (300nrn) 


ttx 


12 


K-1 


WFe/Mnlr/hfiF© 


Fo-t2-l%AI-5«t*Si (lOQton) 


rax 


15 


K-Z 


Hx 


P3-h (200nm) 


rax 


18 


K-3 


P3x 




rax 


21 


K-4 




©Jb (300nrn) 


rax 


29 


L-1 


^F«AlnIr/NiFf^&>CrPt/Ru/CoCrf>t 


Fo-1 2at«AI-9«tXSi ClOOnm) 


rax 


5 


L-2 


HX 


RJ-t (200nm) 


rax 


6 


L-3 


HJt 


Sx (300nm) 


rax 


8 ] 


M-1 




F©-12at%AI-5«t*SI (IQOnm) 


rax 


8 


M-2 


m± 


(200nm) 


rax 


10 


NH3 


rax 


»_t (300nm) 


rax 


12 



SWSHA: Co-19at*Cr-12»tfPt-3<rt*a. HS IS n 
KttKB: Co-9««>-22»t»PuSinr.5 nm 



[00 6 0] *3©Jt*fc6>S9!S;av&:«fc3lC. fan©* 

[0 0 6 1] *HJg«-ett, KiT!UclKtt«<!iLTCo- 
lOat %Ta-2at%Z r^gl. Fe-8 a t 
%Ta - 12a t%C#^Il. RtfF e - 1 2 a t % 
A 1 - 5 a t XS i *»SI!l*«V»fc«T?ttl«bfc**. 
C©ffifC Co-Zr-X (X:Ta. Nb, Mo, W. 50 



N i ) £$ASC£&lt. t)L<BFe-AI-Si 
tFe-C-Y (Y : T a , Hf. Z r. Nb) 

MT'WiW Lfc*<. ttlCM n - F e Mn-Pt^ 

C r-Mn-P t^ft£S«lf»T6An. Htr* 
%n©£fitt 4 X8BAHEfic&LTBl (a) 
©W^^^Lfc^ *^W01 (b) , (c) . H 

2 (a), (b) . (c) ©seifciaE&iitttflifirefc 

[0 0 6 2] S«l 1 <tbT^7X*«<&fflU^JtCcfc 
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ztmmm 3 x-m ^tc&c r mm. m p t mrnvrnwrnB 
1 6<Dmi$&m«m<tLrzumzfcmLrc. msi*. m 
1. 02. m4(Z7KLtzm&ffii$.<Dm.mz}$^T. m& 

&x/k ^/-rx^mmntzmwmB 1 eo&ix&o 

tt. RD^gX A< * 7 -f X*#te#«*lfcffi£ffig| B 1 6© 

[0 0 6 3 ] CUfigtftj 4 D SfifiSftMwTIl icKfmm 

S XomteZM^fz. 01 (a) , (b) , 
(c) ^Iii2 (a) . (b) , (c) ©tA-r*l<Z>«t# 

(a) (vmmmftmf&ntm&mizpim&mG&m^T 

[0 0 6 4] iSK?SDCV^hD>X/1'>^U>^ 
«lCifeif>Ufc#^X««l 1£^:«U if5nm©T 20 
a7Un-H22. 0 nmCD8 0 a t %N i - 

Fe^e.^tt«ttlA2 3, If2 0nm(D4 8a 
t %Mn - I rE5II«2 4, 25:^*5 nm098 0 
at%N i -FeM*^^S$)c68ttJKB2 SSI^M 
U 3 O 0"C. 1 kOeCDm&tp$Ml!imVXm6 (a) 

EfiBKSStBl 2<Z)J:lcKJ9l 0 nm, 5 0 nm, 10 
Onm, 2 0 0 nm, Rtf3 0 0 nm©MlIS®C 
o-lO at%Ta-2at%Z r a^te-Sgmtt&tt 
1A4 1 <£jgfiJtU Z\V>±lzmm5 nmCN i - 5 a t 
%Ta - 20a t%Z r rt^te-SIMBtt^fglfi 1 4. Jg 
Sl 5n mfflCo- 1 9 a t XC r-1 2 a t %P t - 

3 a tSSB^^MAl 5. ffi|JP5nm©C 
o-8a t%Cr-22a t%Pt^^-5«tti 
B16. &.ZfiC&mmi 7&m#.Bt&Lm6 (a) 
/£0)i&#:N (-1. -2. -3, -4, -5) ZftMV 40 

[0 0 6 5] &m&DC-??*bc\>7.ny?V>?m 

4 2 £ T J&J? 3 0 0 nm©Fe - 8at%Ta-12 
a t%C I«U 0 CCtCjDf&L/i. t©^aiC 
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<fc 0 F e ©m^SSL^ff m Lfc^igcO^iKttM^^^ 

ntzo mtwrntem b 4 2 t. ltii. tetc co-zr- 

X (X:Ta. Nb, Mo. W, Ni) 

feKliFe-Al-S i^tFe-C-Y 
(Y:Ta. Hf, Zr, Nb) ^^<t*<£r^fflT-# 
-So SfTftt&ttJf B4 2©±Clfl 0 nm©8 0 a t 
%N i -F emfrZfcZ>&MtiMA2 3, mm 1 Onm 
©4 8 a t%Mn-I rS3SJ68ttM2 4. R^i55n 
m©8 0 a t %N i - F eM*^^:-5«>CfiSffiKB 25$ 

mx.Mi8.v. soot:, i k o e <Dm%-tpfimmLxm 
6 (b) onmomKmizm i 2&»j«i,fc. 

&<px$amm&.m?z.m 1 2 ©±{cmjp 1 0 nm, 5 0 n 

m, 10 Onm, 2 0 0 nm, ft#3 0 0 nm©^SR 
WitCDCo- 1 0 a t %Ta- 2 a t %Z r*^^:S« 
fT^JSS'ffi«A4 1 £Jf2fi£U CC0Jb<C^J9 5 nm©N i 
-5at%Ta-20at%Z r ^5.^-5 ftm&tpmm 
1 4. MJSl 5 nmCCo - 19at%Cr-12at 
XP t -3 a t %B£&75>6fiJc-5S8ffig|Al 5. 
nm©Co -8at%Cr-22at%Pt 

58«b i 6 , Rncumm 1 7 &mx.BnSL i^m 6 

(b) ©#lfi£©4£#:0 (-1, -2. -3, -4, - 
5) Sf^SLfe. 

[0 0 6 6] **ig0y-?rf^SLfej«#:N (-1, -2, 
-3, -4, -5) . mtM&O (-1, -2, -3, 
-4, -5) £0 3O&^b;fcJKMiEg^Mt;r^gU 
X*Ttt&H£M4 1 izBfctsntzM&frZmtkTZXrt'f 

z&v/'fxmntmmimvfztiziD*- a-^-t h 

^WctplC^ftbifc,, O&Cw KtCfcOSaLStftJKl 8 

y -r x wo\,c> i . 2 {&u±o)m^&&&m-rttmm 
■i hmmt. yimz®.m®&&.3 o o k f c i 

IB&U 1^ — ISfib h 5 i7 Jb.fCi8IHfil2£SE 4 0 k F C I 

oflf (n> tm\zsimvf^m^ (s> ©jt (n/s) 
i*s-3 5dBj:0in#tt*xfl]. ®ntz<m&&ovnx 

^Ufc. S3^*©-^J$«4tCJt«L,T^T. 
[0 0 6 7] 
»4] 
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♦C7 J Tfrli Bl iX/B O 




Orr J KwwIA 


mmStium 

Til I'l 111 m itii HI iiB 1 1 






N-1 




NIIFWMnfr/N£Fn 


$ u nm 


oocn'B/CoCrPt 


0 


X 


N-2 


£L 


S h 
pfl-i— 


50 nm 




i 


X 


N-3 






100 nm 


! H-t 


2 


o 


N-4 




1*9 -C 


200 nm 




4 


O 


N-5 


at 


R-t 


300 nm 




o 
O 




0-1 


Fo-Ta-C 


S± 


10 nm 




o i 


o 


0-2 


Fo-Ta-C 


E-t 


50 nm . 


n± 


1 


o 


0-3 


Fo-Ta-C 


S± 


100 nm 


ra± 


2 


o 


0-4 


Fo-Ta-C 


B± 


200 nm 


at 


5 


o 


Q-5 


Fo-Ta-C 


m± 


300 nm 




8 


o 



J814KA : Co-19a«%Cr-12at%Pt-3at%B, R 
ffi&RB: Co-8at%Cr-22aI%Pt. 8W 5 nm 



t15nm 



[0068] &4<n&Mtfpt,wc > frts.&o\z, mumt 
mm Lfc**rt>cJKtt»A-voigsK^fiK*wi^j-r-5 c: <ta* 

^fc^iS^kMi 8*^100 nm£CF©K8i© 
&Btc^:^attM2 4 £8HBU SiSSSftK 1 8 iiKfe 20 

EK&S£t3iffil2 4©TBtCfc*tra«BffilB 4 2 £|Eg 
Lfc^fiScfC «fc 0 . X/t-f^^y-f X©«MJC^T. IB 

CI i^Ti* -5. 

[00 6 9] [*Jg^J5] 0 3*I^T. *%W^J;-5 30 

fi&^KtfcgB©— nmm&wimTz. m^mttmrn^ 

m^-f X? 3 i . IBSbB^ffl OffiS^ K 3 2 . BS 
'v.y K?:5»t4^X^>y3 >3 3. 7?fii-^ 
3 4. jR-fX3-f,«^E— ^3 5. .Eft?f£BB3 6, & 
fiife»IIJ!&3 7, f>^-73:-XWllISS3 8fcax- 
Mf$.2*L2>. m.f&'iWS lMLkBSOfiBKTBWL 

ssn-ru-s. mm.^\y f 3 2 x^-ry-. c©_k 

ffBWRSU g±)E8^1SSxS!i«^t,L<«xtf>A-;i/^M 40 

fitt. i^^tgOS^«^$#Sfc*tC0. 2 5ximt4 
TiU 08~0. 1 5 umfT&o M 

%mmm co^yF «. mmmm^ v h *> v < a »j > ^31 

[0 0 7 0] BftA>y|*2l2. tJ-X^>v?3>3t«tt> 



•t-5 {c*%BJ©^iS]KMffiSi«#:{C J; 0 fEgW*#?gg : 3 
0 0 k F C I eLkaftB&eBftt&BTS. ufflgglc 
*JW--5B#y-f X: 8 rms/w Vp p, i 7 -l/ 

-b : 1 o-' wLTcDHsmBt'&mmzn. mmm®ms 
ocb/i n'&ioK^wxi'gBsabJnrs*. 

[0 0 7 1] 

[SEB®^fU *fSWICct-5<t. i©C riiag^CoC r 
^SBBftB©TBXttJbB»Hn7iV t> L < «±T 
MSJCigC rift. HSP tggCSilOCoCr P t 
&ttttB€B»*fcBB&{UK£Aifri. *fT®Eli«<J: LT 

[BBB0>ffil»&:M91] 

[0 1 ] *l6«fc«fc«Si»aMie®fiE^©a*Big©— 

[03] iKStfBtg^BcDittBB. 
[04] BKH^B«Bfi!E©BW0. 
[0 5] *f6MfC«fcSSifiB^gHB^©BffiKB©*t 
^fififiic©^W0. 
[0 6] *%Wfci*SitKMIEBB#©a*Big©ft6 

1 1 : S«> 1 2 : {SSEH^S, 1 3 : BJTttiBttB. 
1 4 : #Btttt>mJB. 1 5 : ffiitti»A. 1 6 : iSSffiM 
B. 17: BOB. 1 8 : SitBffcB. 1 9 : 
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